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Abstract


Penicillin acylases ( penicillin amidohydrolases, EC 3.5.1.11 ) are enzymes of microbial origin that catalyse the hydrolysis of penicillins to the corresponding side chain and the ?-lactam nucleus , 6- aminopenicillanic acid ( 6- APA) . The cleavage reaction catalysed by the enzymes, which proceeds to virtual completion under appropriate conditions of pH, temperature and substrate concentration, is currently the preferred route for the manufacture of 6-APA, the key intermediate in the production of sernisynthetic penicillins. The enzymes are classed under the following three types depending on their substrate preference or specificity; the penicillin G acylases which are usually of bacterial origin and catalyse the hydrolysis of benzylpenicillin (penicillin G) preferentially, the phenoxymethyl penicillin acyl?-ises (penicillin V) which are usually of fungal origin and catalyse the hydrolysis of (penicillin V) phenoxymethylpenicillin preferentially, and the bacterial ampicillin acylases which catalyse the hydrolysis of ampicillin (D-a?dnobenzylpenicillin) specifically. Extensive studies have been reported in the literature on the production of these enzymes, the immobilization of the enzyme activity and the cloning of the relevant genes. Relatively little is known however about the structure function relationships and the active -site residues involved in the enzyme action. The THESIS embodies work on Escherichia coil penicillin acylase, one of the most studied among enzymes of this group. The investigations carried out on the enzyme from E. coli ATCC 11105 and F. coli NCIM 2350 include studies on enzyme production, characterization of active site residues, whole cell and enzyme immobilization. The THESIS is presented in 5 sections, Part I of which is a 
GENERAL INTRODUCTION which comprises a review of the relevant literature. The present work is set out in the remaining Parts and the following are the significant finding from these studies. The salient findings from these investigations are suimtarized briefly below; 
PART I: GENERAL INTRODUCTION PART II : PRODUCTION AND PURIFICATION OF BENZ?LPENICILLIN ACYLASE FROM ESCHERICHIA CULI AND ISOLATION OF CONSTITUTIVE MUTANT Benzylpenicillin acylase production by Escherichia coli NCIM 2350 was standardized using complex sources of carbon and nitrogen to yield high cell-bound activity ur?!er shalie flask, conditions. A modified purification procedure was developed for obtaining pure benzylpenicillin acylase froin E.coli cells. The procedure involved sonication of cells for extraction of enzyme activity, removal of nucleic acids by streptomycin sulphate treatment, fractional precipitation with ammionium sulphate, DKAESe?ha?ose colurfin chromatograply and gel filtration through Sephdex G-200. The homogeneity of the preparation was established by disc electrophoresis in polyacrylamide gel which showed the presence of a single protein band and by SDS polyacrylamide gel electrophoresis which showed the presence of the two component polypeptide bands of Mr ~20,000 (?-subunit) and Mr ~70,000 (?-subumit). The pure enzyme had a specific activity of 27 36 ?mole.min-1 mg-1 in hydrolysis of benzylpenicillin at pH 7.8 and 40?C. 
A mutant designated as E. coli UV-2 was isolated by Uvirradiation of F. coli NCIM 2350. unlike the parent strain, the mutant produced benzylpenicillin acylase constitutively. The enzyme produced by the imtantreirained cell-bound as in the parent strain. The triutant produced higher levels of enzyme activity constitutively than the parent strain in presence of phenylacetic acid. Glucose (1 g1 -1 ) repressed completely the induced enzyme production by the parent strain. The mutant, however, was more resistant to repression by glucose, producing about 60% of the activity obtained in absence of glucose. 
PART III: ESSENTIAL ARGININE AMD TP?PTOPHAN RESIDUES IN THE PUTATIVE SIDE CHAIN BINDING SUBUHIT OF PENICILLIN AC?LASE FROM ESCHERICHIA COLI. Incubation of penicillin acylase from Escherichia coli with phenylgyoxal or 2,3-butanedione results in enzyme inactivation. Bensylpenicillin, pherylacetamide and phenylacetate protected the enzyme against the inactivation, indicating the presence of arginine at or near the catalytic site. The reactions follow pseudo first-order kinetics and the inactivation kinetics indicate the presence of a single essential arginine moiety. The enzyme is also inactivated by incubation with the tryptophan modifying reagents, N-bromosuccinimide (NBS) and 2- lydroxy-5-nitrobenzyl bromide (HNBBr). Benzylpenicillin, phenylacetate and 6-aminopenicillanic acid (6-APA) significantly lower the extent of inactivation by the tryptphan-modifying reagents. The inactivation reaction kinetics are indicative of the involvement of a single essential tryptophan residue. Submit-complementation experiments in which various combinations of the physically isolated ? and ?-subunits derived from untreated enzyme and the phenylglyoxal-inactivated or the NBS-inactivated enzyme were assayed for recovery of enzymatic activity, indicated that both the essential arginine and the essential tryptophan residues are present to the putative substrate-binding ?-subunit of the enzyme molecule. These are the first reports on the essential amino acid residues involved in the binding domain of the ?-subunit of penicillin acylase. 
PART IV: IMMOBILIZATION OF PERMEABILIZED ESCHERICHIA COLI WITH BENZYLPENICILLIN ACYLASE ACTIVITY. Escaerichia coli cells with penicillin acylase activity were sequentially treated at pH 7.8 with aqueous solutions of N-cetyl- N,N,N-trime?iylammonium bromide and glutaraldelyde arid then immobilized within prorous polyacrylamide beads. The immobilized whole cells showed enhanced hydrolysis rates in the conversion of benzylpenicillin to 6-APA compared to untreated cells immobilized and used under identical conditions. The immobilized system showed no apparent loss in enzyme activity when used repeatedly over 90 cycles for 6-APA production from 4% benzylpenicillin. PART V: IMMOBILIZATION OF PENICILLIN ACYLASE IN POROUS BEADS OF FOLYACPYLAMIDE GEL. A procedure is described for the immobilization of benzylpenicillin acylase from Eschericha coli within uniformly spherical,porous polyacryl.arrn.de gel beads. Aqueous solutions of the enzyme and sodium alginate and of acrylamidc monomer, N,N'- methylene-bis-acrylamide,N,N,N'N' - tetramethylethylenediamine (TEMED) and sodium alginate are cooled separately, mixed and dropped immediately into ice-cold, buffered calcium formate solution, pH 8.5, to give calcium alginate-coated beads. The beads are left for 60 min in the cold calcium formate solution for polyacrylamide gel formation. the beads are then treated with a solution of glutaraldehyde .and the calcium alginate subsequently leached out with a solution of potassium phosphate buffer. Modification of the native enzyme with glutaraldehyde results in a slight enhancement in the rate of hydrolysis of benzylpenicillin at p-H 7.8 and 0.05M substrate concentration. The enzyme entrapped in porous polyacrylamide gel beads shows no measurable diffusional limitations in stirred reactors, catalysing the hydrolysis of the substrate at a rate comparable to that of the glutaraldehyde-modified native enzyme. The immobilized enzyme preparation has been used in batch mode over 90 cycles without any apparent loss in hydrolytic activity. 
  	 













